Multiple isoenzymes of the Na+,K+-ATPase (a, a', and a3) have been identified by molecular cloning (Shull, G. E.,
Introduction
Na+,K+-ATPase (Na+ pump) is a membrane-bound heterodimeric enzyme that uses energy derived from the hydrolysis of ATP to exchange intracellular Na' ions for extracellular K+. We and others have recently discovered that Na',K+-ATPase in different tissues exhibits unexpected diversity and heterogeneity ofexpression (1) (2) (3) (4) . Three a subunit mRNAs, named Al (a), A2 (a'), and A3 (a3) have been characterized. Each a isoform mRNA is the product of a different gene located on a different chromosome arm (5, 6) ; each is expressed with a distinctive pattern of tissue and developmental regulation (3, 4) . Previous work with rat a isoform cDNAs and tissue mRNAs has shown that the Na',K+-ATPase Al mRNA corresponds to the ubiquitous Na' pump especially abundant in transport epithelia and neuromuscular cells; the Na',K+-ATPase A2 mRNA corresponds to the previously described a' protein isoform in that it predominates in neurons and muscular tissues, with lower levels of expression in cardiac cells. Na',K+-ATPase A3 mRNA encodes a novel isoform that, before this report, appeared to be expressed only in large neuron groups in brain, photoreceptor cells of the retina, fetal heart, and at very low levels in stomach and lung (4) . Based on its extremely high nucleotide sequence homology with the Al and A2 mRNAs, we (4) and Schull and co-workers (1-3) have proposed that the A3 isoform encodes a third, previously unappreciated isoenzyme of the Na',K+-ATPase.
The protein isoform encoded by Na+,K+-ATPase A3 mRNA is not yet characterized in neural tissues, even though we had previously demonstrated that the A3 mRNA does encode a stable protein capable of membrane insertion by cellfree translation of synthetic mRNA templates (3). Recent gene transfection studies (7; unpublished data) suggest that the A3 form from rodents encodes a ouabain-inhibited Na+,K+-ATPase activity. The ion transport and cardiac glycoside binding activities of the human A3 isoform, however, remain largely unknown, as do its intracellular trafficking and localization. Further understanding of the properties and role of the A3 isoform and the regulation ofA3 gene expression will require a more convenient and manipulable source of both the mRNA and enzyme than is available from selected cells within the central nervous system or fetal heart.
To facilitate further exploration of the A3 isoform genes and its products, we Run-offtranscription analysis. Isolation ofnuclei from induced and uninduced HL60 cells was exactly as described by Groudine et al. (16) . The nuclear run-offreactions, isolation of 32P-labeled RNA, hybridization conditions, and filter washing conditions were as described by Linial et al. (17) .
Results
Expression of Na',K+-ATPase a isoform mRNAs in human leukemia cell lines. We analyzed a panel oftotal cellular RNAs isolated from human cell lines for the presence of a isoform mRNAs. Cell lines studied included HeLa, HL60, K562, Molt 4, HEL, hemin-induced HEL (see results described below), and U937 cells (lanes 1-7, Fig. 1 ). RNA blots were probed with either human kidney Na+,K+-ATPase Al, human brain A2, or human brain A3 cDNAs using conditions previously shown (3) to eliminate crosshybridization among highly homologous a isoform cDNAs and mRNAs. A human y-actin cDNA probe was used to control for the amount of RNA loaded in each lane ( 35 ug). The hybridization signal obtained with each isoform probe when annealed to 25 ug of human fetal heart and fetal brain RNA is shown at the far right of All six of the cell lines examined express Na+,K+-ATPase Al mRNA in approximately equivalent abundance (Fig. 1) . This result is consistent with previous characterization of Al as a ubiquitous enzyme in rat tissues. The high abundance of Al mRNA in these cells is striking. Na',K+-ATPase A2 mRNA was not found in any of the human cell lines examined, even though we found abundant A2 isoform with this cDNA probe in human neuromuscular tissues, especially brain (Fig. 1) . In contrast, mRNA encoding the A3 isoenzyme ofNa',K+-ATPase was expressed in only some ofthese human cell lines; HL60, Molt 4, and HEL cells contained A3 mRNA, whereas Hela, K562, and U937 did not. Fig. 2 shows the hybridization signals obtained when Al and A3 cDNA probes (of nearly identical length and specific activity) were annealed to slot blots containing defined amounts of uninduced HL60, HeLa cells, and human fetal brain total RNAs. This result shows that Na',K+-ATPase Al mRNA is more abundant in total RNA isolated from HL60 cells than in an equivalent amount of RNA from fetal brain tissue, and suggests that A3 represents -20-30% of the total Na+,K+-ATPase a isoform mRNA found in HL60 cells.
Na',K+-ATPase a isoform mRNA expression during induced maturation ofHL60 cells. Fig. 3 illustrates the substantial differences in the relative content of Al and A3 mRNA observed after DMSO induction as a function of time. Al mRNA and actin mRNA both decline by 50-70% -24 h after induction. We routinely observe this degree of mRNA reduction for many HL60 mRNA species after DMSO treatment. In contrast, there is a more dramatic decline of A3 mRNA to virtually undetectable levels. Densitometric scanning of comparable Northern blots is illustrated in Fig. 4 . The decline in A3 mRNA activity is -50%, whereas A3 mRNA essentially disappears.
Induction of monocyte maturation in HL60 cells is associated with retention ofA3 mRNA and increased expression of the mRNA for the ,3 subunit. Fig. 3 Differential modulation ofAl andA3 mRNA accumulation in HL60 cells may occur at a posttranscriptional level. As shown in Fig. 5 , nuclear runoff analysis of mRNA synthesis before DMSO induction reveals considerably more Al than A3 mRNA synthesis. The disparity between the rates of mRNA synthesis is considerably greater than the amounts of mRNA accumulation noted in Figs. 1-4 . Moreover, there is essentially no change in either Al and A3 mRNA production after 72 h of induction with DMSO. These results imply that the substantial decline in A3 mRNA accumulation observed after DMSO induction may be accomplished at a posttranscriptional level.
Discussion
Our results show for the first time that mRNA encoding the A3 isozyme of Na',K+-ATPase can be expressed by nonneu Under all conditions examined, only a single class of high-affinity ouabain binding sites has been detected in HL60 cells; no change in the affinity of these sites has been documented after induction. Our demonstration that two isoforms of the a subunit are expressed within these cells, and that one selectively disappears during DMSO induction from a level sufficiently abundant to have a potential effect on ATPase activity to a virtually undetectable level has several implications regarding these earlier results. First, we detect no changes in the levels of either Al or A3 mRNA during the first 24 h after induction. Thus, rapid changes in ion flex detected during the first 12 h must be due to altered translation or posttranslational metabolism and activity of isoforms, rather than altered gene expression.
Second, the presence of only a single class of ouabain sites before and after induction implies that the A3 isoform is either devoid of ouabain binding sites, is less abundant at the protein level than expected on the basis of mRNA accumulation, or is possessed of ouabain binding sites having approximately the same affinity for ouabain as the Al subunit. Preliminary studies involving transfection of A3 subunit cDNA into surrogate host cells (7, unpublished data) suggest that Al and A3 mRNA exhibit very similar interactions with ouabain. This observation suggests that two classes of ouabain binding sites should not be a consequence of simultaneous A3 and Al isoform production. A net decline in ouabain binding sites, however, may ultimately result from reduced A3 isoform production during the later stages of maturation.
In summary, our results suggest that further study of the A3 isoform and its mRNA in human hematopoietic cells should provide additional information about the regulation of the A3 gene and the function of the novel A3 isoform. The superior accessibility of these cells renders them an attractive alternative to studies of select subsets of neuronal or cardiac cells. Conversely, the role of heterogeneous Na',K+-ATPase isoform production in the functioning of mature granulocytes and monocytes should be of interest with regard to the relationships between ion transport and differentiation or function of these cells.
